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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a reflection density 
measuring system in which light is projected onto a 
surface to be measured and reflected light from the 
measured surface Is received by a photodetector, 
whereby the reflection density of the surface is meas- 
ured. 

Description of the Prior Art 

There has been put into practice a dry-type 
chemical assay slide for quantitative analysis of a par- 
ticular component contained in a droplet of a sample 
liquid such as blood or urine. See for example JP-A- 
53(1978)-21 677, JP-A-55(1980)-1 64356. 

When analyzing chemical components in a sam- 
ple liquid using such a chemical assay slide, a droplet 
of the sample liquid is deposited on the slide and is 
held at a constant temperature for a predetermined 
time in an incubator to permit coloring reaction, and 
the optical density of the color formed by the coloring 
reaction is optically measured. That is, measuring 
light containing a wavelength selected in advance ac- 
cording to the combination of the component to be 
measured in the sample liquid and the reagent con- 
tained in the reagent layer of the slide is projected 
onto the chemical assay slide and the optical density 
of the reflected light is measured. Then the content of 
the component to be measured is quantified on the 
basis of the optical density of the reflected light by col- 
on metry. 

The optical density of the reflected light is meas- 
ured by a reflection density measuring system. In the 
reflection density measuring system, a sample or a 
chemical assay slide is mounted on the system, light 
is projected onto a surface of the slide to be measured 
and reflected light from the surface to be measured 
is received by a photodetector. 

In such a reflection density measuring system, 
there has been a problem that the position of the 
measured surface of the sample can fluctuate in the 
direction perpendicular to the measured surface due 
to fluctuation in the positioning accuracy or the di- 
mensional accuracy of the slide, deflection of the 
slide, and the like. When the position of the measured 
surface fluctuates in the direction perpendicular 
thereto, the relative position between the measured 
surface and the photodetector varies to change the 
r suit of the measurement. 

A reflection density measuring system according 
to the preamble of claim 1 is known from EP-A-0 099 
024. This known system is designed, to make the 
measurement of the surface independent from th 



correct distance. It is proposed, to use at least two 
- light sources, which produce diverging light. Asingl 
receiving device is arranged between the two light 
sources and receives the light reflected from the sur- 

5 face. The distance between the light sources and the 
surface and the receiving device and the surface is 
kept constant. 

US-A-3 526 777 shows a reflection measuring 
apparatus, for the measuring of products such as pa- 

10 per. Changes in distance between the surface, which 
is to be measured and a light source, irradiating light 
to said surface and the measuring apparatus are 
compensated by an arrangement of lenses and aper- 
tures, such that when the surface moves closer to the 

15 light source and the measuring apparatus, the 
amount of light which is emitted to pass through cer- 
tain apertures to the measuring apparatus is reduced 
in such a manner as to provide the desired compen- 
sation. 

20 

SUMMARY OF THE INVENTION 

It is the object of the present invention to provide 
a reflection density measuring system, in which the 

25 result of the measurement is less affected by a fluc- 
tuation in the position of the measured surface, per- 
pendicular to the measured surface. 

This/object is solved according the present inven- 
tion by the subject matter of claim 1. 

30 Preferred embodiments of the invention are sub- 

ject matter of the dependent claims 2 to 4. 

When the angle 0 and the distance r are suitably 
selected, the output curve representing the relation 
between the distance h and the output I of the photo- 

35 sensor is generally an arch-like curve and the output 
\ of the photosensor takes a peak value at a predeter- 
mined value of the distance h. The values r 0 and 9o 
are selected so that the output curve becomes an 
arch-like curve and the value h Q is selected to be the 

40 value corresponding to a peak value of the output I of 
the photosensor. Near the peak, the output of the pho- 
tosensor exhibits substantially no change with 
change in the distance h. The value of h 0 need not be 
strictly equal to the value corresponding to the peak 

45 value but may be substantially equal to the same. 

In accordance with the present invention, the 
photodetector may solely consist of a photosensor or 
may comprise a photosensor and a lens or an optical 
stop disposed in front of the photosensor. The term 

so "the light inlet side element" denotes the photosensor 
itself in the former case and denotes the lens or the 
optical stop in the latter case. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Figure 1 is a schematic view for illustrating a re- 
flection density measuring system in accordance 
with an embodiment of the present invention, 
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Figure 2 is a view for illustrating the principle of 
operation of the mbodiment shown in Figure 1 , 
Figures 3 and 4 are views similar to Figure 1 but 
showing modifications of the system shown in 
Figure 1 , 5 
Figure 5 is a schematic view illustrating the re- 
flection density measuring system in accordance 
with another embodiment of the present inven- 
tion, 

Figure 6 is a block diagram of the circuit for de- w 
termining the reflection density on the basis of 
the outputs of the photosensor in the embodi- 
ment of Figure 5, 

Figure 7 is a view for illustrating the principle of 
operation of the embodiment of Figure 5, is 
Figure 8 is a view similar to Figure 6 but showing 
the circuit for determining the reflection density 
on the basis of the outputs of the photosensors 
in still another embodiment of the present inven- 
tion, 20 
Figure 9 is a view for illustrating the principle of 
operation of the embodiment of Figure 8 t and 
Figures 10 and 11 are views similar to Figure 5 
but showing modifications of the system shown 
in Figure 5. 25 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In Figure 1, a reflection density measuring sys-, 30 
tern in accordance with an embodiment of the present 
invention comprises a sample holder 12 for holding a 
sample 10, a light source 14 for emitting irradiation 
light, fiber optics 1 6 for guiding the irradiation light to 
impinge upon a surface-to-be-measured 10a of the 35 
sample 10 at a direction perpendicular thereto, a con- 
denser lens 18 for condensing the irradiation light 
emanating from the fiber optics 16, and a photodetec- 
tor 30 which has a photosensor 20 such as a silicon 
photodiode and receives reflection light from the sur- 40 
face-to-be-measured 10a. 

The fiber optics 16, the condenser lens 18, the 
sample holder 12 and the photosensor 20 are ar- 
ranged so that when a sample of a regular size is held 
by the sample holder 1 2 in a regular position, the dis- 45 
tance h between the center 20a of the photosensor 20 
and the surface-to-be-measured 10a of the sample 
10 as measured along the optical axis 22 of the irra- 
diation light is ho, the angle 0 which the photosensor 
20 forms with the surface-to-be-measured 10a is Go, 50 
and the distance r between the center 20a of the pho- 
tosensor 20 and the optical axis 22 of the irradiation 
light is ro, and so that ho is the value of h at which out- 
put I of the photosensor 20 takes a peak value on an 
output curve representing the change of the output [ 55 
of the photosensor 20 with the distance h when the 
distance h is varied under the combination of ro and 
9o. 



That is, in the optical system shown in Figure 1, 
when the angle 9 and the distance r are suitably se- 
lected, the output curve representing the r lation be- 
tween the distance h and the output [of the photosen- 
sor 20 is generally an arch-like curve and the output 

1 of the photosensor 20 takes a peak value at a pre- 
determined value of the distance h. The values ro and 
9o are selected so that the output curve becomes an 
arch-like curve and the value ho is selected to be the 
value corresponding to a peak value of the output I of 
the photosensor 20. 

An example of the arch-like output curve is 
shown in Figure 2. The output curve shown in Figure 

2 represents the change of the output \ of the photo- 
sensor 20 with the distance h when the distance h is 
varied from about 5.0mm to about 6.5mm with ro be- 
ing 8.75mm and Go being 45°. As can be seen from 
Figure 2, the output I takes a peak value when the dis- 
tance h is about 5.7mm in this case. 

Since the value ho is selected to be the value of 
the distance h corresponding to the peak value of the 
output I of the photosensor 20, a change of the actual 
distance h between the surface-to-be-detected 10a 
and the center 20a of the photosensor 20 as meas- 
ured along the optical axis 22 near the value ho which 
can occur due to fluctuation in the positioning accu- 
racy or the dimensional accuracy of the slide, deflec- 
tion of the slide, and the like can fluctuate the output 
I of the photosensor only by a slight value indicated 
at Ah. The value Ah is much smaller than the value 
of Al 2 which is the fluctuation of the output I when the 
distance h is varied for the same value from a value 
which is not corresponding to the peak value of the 
output I. 

Though in the embodiment described above, the 
values ro and 9o are selected so that the output curve 
becomes an arch-like curve, the values may be se- 
lected to provide an output curve of a different shape 
so long as the curve has a peak value or an inflection 
point 

Figures 3 and 4 show modifications of the optical 
system shown in Figure 1. In the figures, the parts 
analogous to the parts shown in Figure 1 are given 
the same reference numerals and are not further de- 
scribed. In the modifications shown in Figure 3, the 
photodetector 30 comprises a photosensor 20 and a 
lens 24 disposed in front of the photosensor 20. In this 
modification, the fiber optics 16, the condenser lens 
18, the sample holder 12 and the photodetector 30 
are arranged so that when a sample of a regular size 
is held by the sample holder 12 in a regular position, 
the distance h between the center 24a of the lens 24 
and the surface-to-be-measured 1 0a of the sample 
10 as measured along the optical axis 22 of the irra- 
diation light is ho, the angle 9 which the lens 24 forms 
with the surface-tp-be-measured 10a is 9o, and the 
distance r between the cent r 24a of the lens 24 and 
the optical axis 22 of the irradiation light is ro, so that 
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ho is the value of h at which output [of the photosen- 
sor 20 takes a peak value on an output curve r pre- 
senting the change of the output [of the photosensor 
20 with the distance h when the distance h is varied 
under the combination of ro and 8o. 

In the modification shown in Figure 4, the photo- 
detector 30 comprises a photosensor 20 and an opt- 
ical stop 26 having an aperture 28 disposed in front 
of the photosensor 20. In this modification, the fiber 
optics 16, the condenser lens 18, the sample holder 
12 and the photodetector 30 are arranged so that 
when a sample of the regular size is held by the sam- 
ple holder 12 in the regular position, the distance h be- 
tween the center 26a of the stop 26 (the center 28a 
of the aperture 28) and the surface-to-be-measured 
10a of the sample 10 as measured along the optical 
axis 22 of the irradiation light is ho, the angle 9 which 
the stop 26 forms with the surface-to-be-measured 
10a is 0o, and the distance r between the center 26a 
of the stop 26 and the optical axis 22 of the irradiation 
light is ro, so that ho is the value of h at which output 
I of the photosensor 20 takes a peak value on an out- 
put curve representing the change of the output [of 
the photosensor 20 with the distance h when the dis- 
tance h is varied under the combination of ro and 9o. 

Also in the modifications shown in Figures 3 and 
4, since the value ho is selected to be the value of the 
distance h corresponding to the peak value of the out- 
put I of the photosensor 20, a change of the actual dis- 
tance h between the surface-to-be-detected 1 0a and 
the center 24a of the lens 24 or the center 26a of the 
stop 26 as measured along the optical axis 22 near 
the value ho can fluctuate the output [ of the photo- 
sensor only by a slight value. In the embodiment de- 
scribed above, only a single photodetector is provid- 
ed. However, a plurality of photodetectors may be 
provided. In this case, at least one of the photodetec- 
tors should be positioned to meet the condition de- 
scribed above. 

Figures 5 and 6 show still another embodiment of 
the present invention. In Figure 5, the system of this 
embodiment comprises a sample holder 112 for hold- 
ing a sample 110, a light source 114 for emitting irra- 
diation light, fiber optics 11 6 for guiding the irradiation 
light to impinge upon a surface-to-be-measured 110a 
of the sample 110 perpendicular thereto, a condenser 
lens 118 for condensing the irradiation light emanat- 
ing from the fiber optics 116, and first and second of 
photodetectors 30a and 30b which respectively have 
photosensors 301a and 301b such as silicon photo- 
diodes and receive reflection light from the surface- 
to-be-measured 110a. 

The fiber optics 116, the condenser lens 118, the 
sample holder 112 and the photosensors 301a and 
301b are arranged so that when a sample of a regular 
size is held by the sample holder 11 2 in a regular pos- 
ition, the distances h between the center 302a of the 
first photosensor 301a and a regular position of the 



surface-to-be-measured 110a of the sample 110 and 
betw en the cent r 302b of the second photosensor 
301b and the regular position as measured along the 
optical axis 122 of the irradiation light are respectively 

5 hh and h 2 , the angles 0 which the photosensors 301 
and 301b respectively form with the surface- to-be- 
measured 11 0a are 91 and 92, and the distances r be- 
tween the center 302a of the first photosensor 301a 
and the optical axis 1 22 of the irradiation light and be- 
to tween the center 302b of the second photosensor 
301b and the optical axis 122 are respectively ^ and 
r 2 so that hi is smaller by Ahi than value h 10 which is 
the value of h at which output \ A of the first photosen- 
sor 301a takes a peak value on an output curve rep- 

15 resenting the change of the output l n with the distance 
h when the distance h is varied under the combination 
of r, and 8 1( and h 2 is larger by Ah 2 than value h2o 
which is the value of h at which output l 2 of the second 
photosensor 301b takes a peak value on an output 

20 curve representing the change of the output l 2 with 
the distance h when the distance h is varied under the 
combination of r 2 and 9 2 . 

That is, in the optical system shown in Figure 5, 
when the angle 9 and the distance r are suitably se- 

25 lected, the output curve representing the relation be- 
tween the distance h and the output [of the photosen- 
sor is generally an arch-like curve and the output [ of 
the photosensor takes a peak value at a predeter- 
mined value of the distance h. The values r, and 9 1( 

30 and values r 2 and 9 2 are selected so that the output 
curves of the corresponding photosensors become 
arch-like curves and the value hi is selected to be 
smaller by Ahi than the value h 10 which is the value 
of h at which the output h of the first photosensor 

35 301 a takes a peak value on the arch-like output curve 
representing the change of the output h and h 2 is se- 
lected to be larger by Ah 2 than the value h 2 o which is 
the value of h at which the output l 2 of the second pho- 
tosensor 301b takes a peak value on the arch-like 

40 output curve representing the change of the output l 2 . 

In this embodiment, the first and second photo- 
sensors 301a and 301b are connected to an adder 
140 as shown in Figure 6, and the outputs \^ and l 2 of 
the first and second photosensors 301a and 301b are 

45 added together by the adder 1 40. The reflection den- 
sity of the sample 110 is determined on the basis of 
the output of the adder 1 40 or the sum l t of the outputs 
U and l 2 . 

Figure 7 shows the relations between the dis- 
50 tance h and the output l t , between the distance h and 
the output l 2 , and between the distance hand the sum 
l t of the outputs h and l 2 . Since the first and second 
photosensors 301a and 301b are disposed as descri- 
bed above, the output \, of the first photosensor 301a 
55 takes the peak value when the surf ace- to-be-meas- 
ured 110a is positioned higher than the regular posi- 
tion S of the surface-to-be-measured 110a of the 
sample 110 by Ahi and the output l 2 of the second 
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photosensor 301 b takes the peak value when the sur- 
face-to-be-measured 110a is positioned lower than 
the regular position S (on a sample of the regular size 
held by the sample holder 112 in the regular position) 
by A h 2 as can be understood from Figure 7. Accord- 5 
ingly, the sum l t of the outputs h and l 2 , i.e., the output 
of the adder 140 has a substantially flat peak F ex- 
tending on opposite sides of the value of h corre- 
sponding to the regular position S in lengths respec- 
tively corresponding to the values of Ahi and A h 2 . 10 
Therefore, in accordance with this embodiment, the 
output l t of the adder 140 exhibits substantially no 
change even if the position of the surface-to-be- 
measured 110a fluctuates along the optical axis 122 
of the irradiation light so long as the surface-to-be- 16 
measured 1 1 0a is positioned in the range correspond- 
ing to the peak F having a substantial width, and ac- 
cordingly positioning accuracy of the sample 110 less 
affects measuring accuracy of optical density of the 
sample 1 1 0. It is preferred , though not necessary, that 20 
Ah, and Ah 2 are equal to each other in value. 

Still another embodiment of the present invention 
will now be described with reference to Figures 8 and 
9. The optical density measuring system of this em- 
bodiment has an optical system identical to the opti- 25 
cal system shown in Figure 5 and differs from the pre- 
ceding embodiment in that the photosensors 301a 
and 310b are connected to a comparison selective 
output circuit 150 instead of the adder 140. The com- 
parison selective output circuit 1 50 compares the out- 30 
puts of the photosensors 301a and 301 b and outputs 
the higher of them (l h ). The reflection density of the 
sample 110 is determined on the basis of the output 
of the comparison selective output circuit 150 or the 
higher one of the outputs of the photosensors 301a 35 
and 301b of the first and second photodetectors 30a 
and 30b. 

Figure 9 shows the relations between the dis- 
tance h and the output l 1( between the distance h and 
the output l 2 , and between the distance h and the out- 40 
put l h of the comparison selective output circuit 150. 
The output curves of the outputs I, and l 2 are as de- 
scribed above in conjunction with the preceding em- 
bodiment and accordingly the output curve of the out- 
put l h has two peaks on opposite sides of the value of 45 
h corresponding to the regular position S of the sur- 
face-to-be-measured 110a of the sample positioned 
in the regular position as shown by the solid line in 
Figure 9, the peaks respectively corresponding to the 
peaks of the output curves of the outputs I, and l 2 . so 

As described above in conjunction with the em- 
bodiment shown in Figure 1 , the output of the photo- 
sensor exhibits only a slight change with change in 
the distance h near a peak of the output curve and ac- 
cordingly by measuring the reflection density near the 55 
peak of the output curve, the reflection density can be 
precisely measured ven if the sample 110 is dis- 
placed from the regular position within a certain 



range. For example, assuming that the reflection den- 
sity is measured on the basis of only the output l 2 of 
the second photosonsor 301b as in the embodiment 
shown in Figure 1, the sample 110 may be displaced 
from the regular position by Ah 2 on opposite sides of 
the peak. That is, in this case, the vertical (along the 
optical axis of the irradiation light) displacement of the 
sample 110 from the regular position within Ah 2 on 
each side of the regular position can be allowed. That 
is, the allowable range of the vertical displacement of 
the sample 110 is 2- Ah 2 . On the other hand, in the 
case of this embodiment in which the reflection den- 
sity is determined on the basis of the h ig her of the out- 
puts l 1 and l 2 of the first and second photosensors 
301 a and 30 1 b, the allowable range of the vertical dis- 
placement of the sample 110 is further widened to 2- 
Ahi+2- Ah 2 as can be understood from Figure 9. Also 
in this embodiment, it is preferred, though not neces- 
sary, that Ahi and Ah 2 be equal to each other. 

Though in the two embodiments described with 
reference to Figures 5 to 9, the values r, and 8 lf or the 
values r 2 and 9 2 are selected so that the output curve 
becomes an arch-like curve, the values may be se- 
lected to provide an output curve of a different shape 
so long as the curve has a peak value or an inflection 
point. 

Figures 10 and 11 show modifications of the opt- 
ical system shown in Figure 5. 

In the modification shown in Figure 10, the first 
and second photodetectors 30a and 30b comprise 
photosensors 301a and 301b and lenses 303a and 
303b disposed in front of the photosensors 301a and 
301b. The fiber optics 116, the condenser lens 118, 
the sample holder 112 and the photodetectors 30a 
and 30b are arranged so that when a sample of the 
regular size is held by the sample holder 112 in the 
regular position, the distances h between the center 
304a of the lens 303a and a regular position of the 
surface-to-be-measured 110a of the sample 110 and 
between the center 304b of the lens 303b and the reg- 
ular position as measured along the optical axis 122 
of the irradiation light are respectively h, and h 2 , the 
angles 9 which the lenses 303a and 303b respectively 
form with the surface-to-be-measured 110a are 91 
and 92, and the distances r between the center 304a 
of the lens 303a and the optical axis 122 of the irra- 
diation light and between the center 304b of the lens 
303b and the optical axis 122 are respectively n and 
r 2 and so that h t is smaller by Ah 1 than value h 10 which 
is the value of h at which output U of the first photo- 
sensor 301a takes a peak value on an output curve 
representing the change of the output 1 1 with the dis- 
tance h when the distance h is varied under the com- 
bination of r, and 9 1t and h 2 is larg r by Ah 2 than value 
h 20 which is the value of h at which output l 2 of the sec- 
ond photosensor 301b takes a peak value on an out- 
put curve representing the chang of the output l 2 
with the distance h when the distance h is varied un- 
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derthe combination of r 2 and 9 2 . 

In the modification shown in Figur 11, th first 
and second photodetectors 30a and 30b comprise 
photosensors 301a and 301b and optical stops 303a 
and 306b respectively having apertures 305a and 
305b disposed in front of the photosensors 301a and 
301b. The fiber optics 116, the condenser lens 118, 
the sample holder 112 and the photodetectors 30a 
and 30b are arranged so that when a sample of the 
regular size Is held by the sample holder 112 in the 
regular position, the distances h between the center 
307a of the aperture 305a (the stop 306a) and a reg- 
ular position of the surface-to-be-measured 110a of 
the sample 110 and between the center 307b of the 
aperture 305b (the stop 306b) and the regular posi- 
tion as measured along the optical axis 122 of the ir- 
radiation light are respectively hi and h 2 . the angles 
9 which the stops 306a and 306b respectively form 
with the surf ace- to-be-measured 110a are 91 and 92, 
and the distances r between the center 307a of the 
aperture 307a and the optical axis 122 of the Irradia- 
tion light and between the center 307b of the aperture 
307b and the optical axis 122 are respectively ^ and 
r 2 so that is smaller by A than value h 10 which is 
the value of h at which output U of the first photosen- 
sor 301a takes a peak value on an output curve rep- 
resenting the change of the output It with the distance 
h when the distance h is varied under the combination 
of r t and 9 1f and h 2 is larger by Ah 2 than value h 20 
which is the value of h atwhich output 1 2 of the second 
photosensor 301b takes a peak value on an output 
curve representing the change of the output l 2 with 
the distance h when the distance h is varied under the 
combination of r 2 and 9 2 . 

The optical systems shown in Figures 10 and 11 
may be associated with either of the circuits shown in 
Figure 6 and 8 to obtain the same results as one of 
the embodiments described above in conjunction 
with Figures 5 to 9. 

Though in the embodiments shown in Figures 5 
to 9, a pair of photodetectors are provided, three or 
more photodetectors may be used. In this case, at 
least two of the photodetectors should be positioned 
to meet the condition described above. Further, it is 
preferred, that the third photodetector be disposed so 
that its output takes a peak value at the value of h cor- 
responding to the regular position of the surface-to- 
be-measured 110a. 



Claims 

1. A reflection density measuring system compris- 
ing: 

m ans including a light source (14) for projecting 
an irradiation light onto the surface-to-be-meas- 
ur d (10a) of a sample (10) ; 
one or two photodetectors (30;30a,30b) which 



have a photosensor (20;301a,301b) respectively 
for detecting light reflected by the surface-to-be- 
measured of the samp! , to impinge upon the 
photosensor through a light inlet side element of 
5 (24,26) the photodetector, 

characterized in 

that the light emitted by said light source (14) is 
guided through a condenser lens (18) for con- 
densing the irradiation light and impinges upon 
10 the surface-to-be-measured (10a) of a sample 
(10) essentially at a direction perpendicular 
thereto, 

that the light inlet side element of the photodetec- 
tor is arranged in a plane to form an angle (9 0 ; 9 1t 
15 9 2 ) with the surface-to-be-measured of the sam- 

ple, 

that the center of the light inlet side element of 
each photodetector has a sideward distance 
(ro;ri,r 2 ), to the optical axis of said condenser 

20 lens, 

that the measuring distance defined by the dis- 
tance (h) of the center of said light inlet side ele- 
ment of each photodetector to the plane, in which 
said surface (10a) of said sample (10) is ar- 

25 ranged, is less than the distance of said conden- 

sor lens to said surface (10a) of said sample, 
that when one photodetector is used, the meas- 
uring distance (h 0 ) of said center of the light inlet 
side element of the photodetector to the surface- 

30 to-be-measured is such, that the output (I) of said 

photosensor is equal to the peak value on the out- 
put curve representing the output of the photo- 
sensor as a function of the measuring distance 
(h), at a predetermined value of the sideward dis- 

35 tance (r 0 ) and said angle (9 0 ), and 

that when two photodetectors are used, the 
measuring distance (hi) of the first photodetector 
is such that it is smaller by a preselected value 
(Ah-j) than the measuring distance (h 10 ) at which 

40 the ouput of said first photosensor is equal to the 

peak value of the output curve representing the 
output (l t ) as a function of the measuring distance 
(h), at a predetermined value of the respective 
sideward distance fa) and respective angle (9!) 

45 and that the measuring distance (h 2 ) of the sec- 

ond photodetector is such that said distance is 
larger by a preselected value (Ah^ than a value 
(h 20 ) which is the value of the distance (h) at 
which the output (IJ of the photosensor of the 

50 second photodetector is equal to the peak value 

of the output curve representing the output (l 2 ) as 
a function of the measuring distance (h ) at a pre- 
determined value of the respective sideward dis- 
tance (r 2 ) and respectiv angle (9a). 

55 

2. A reflection density measuring system as defined 
in Claim 1 in which each of said photodetectors 
solely consists of a photosensor and said light in- 
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let side element is the photosensor itself. 

3. Areflection density measuring system as defined 
in Claim 1 in which each of said photodetectors 
comprises a photosensor and a lens disposed in 5 
front of the photosensor and said light inlet side 
element is the lens. 

4. Areflection density measuring system as defined 

in Claim 1 in which each of said photodetector 10 
comprises a photosensor and an optical stop dis- 
posed in front of the photosensor and said light in- 
let side element is the optical stop. 



Patentanspruche 

1. Reflektometer, das aufweist: 

eine Einrichtung mit einer Lichtquelle (14) zum 
Projizieren eines Bestrahlungslichtes auf die 20 
MeRf lache (10a) einer Probe (10); 
ein Oder zwei Fotodetektoren (30; 30a, 30b), die 
jeweils einen Fotosensor (20; 301a, 301b) zum 
Detektieren des von der Me&f lache der Probe re- 
flektierten Lichtes aufweisen, das auf den Foto- 25 
sensor durch ein Lichteingangsseitenelement 
(24, 26) des Fotodetektors auftrifft, 
dadurch gekennzelchnet, 
da& das von der Lichtquelle (14) ausgesendete 
Licht zum Bundeln des Bestrahlungslichtes 30 
durch eine Kondensorlinse (18) gefuhrt ist und 
auf die MeRf lache (10a) der Probe (10) im we- 
sentlichen senkrecht auftrifft, 
daB das Lichteingangsseitenelement des Foto- 
detektors in einer Ebene angeordnet ist, die einen 35 
Winkel (9 0 ; 9 1f 9 2 ) mit der MeSflache der Probe 
biidet, 

dad die Mitte des Lichteingangsseitenelementes 
von jedem Fotodetektor einen seitlichen Abstand 
(r 0 ; r 1f rjj) zu der optischen Achse der Kondensor- 40 
linse aufweist, 

da&derMeliabstand, der definiert ist durch den Ab- 
stand (h) der Mitte des Lichteingangsseitenele- 
mentes von jedem Fotodetektor zu der Ebene, in 
der die Flache (10a) der Probe (10) angeordnet ist, 45 
kleiner ist als der Abstand der Kondensorlinse zu 
der Melif lache (1 0a) der Probe, 
dad bei Nutzung eines Fotodetektors der Me&- 
abstand (h G ) der Mitte des Lichteingangsseiten- 
elementes des Fotodetektors zu der MeBoberf la- so 
che derart ist, daR der Ausgang (I) des Fotosen- 
sors gleich dem Spitzenwert an der Ausgangs- 
kurve ist, die den Ausgang des Fotosensors als 
Funktion des MeRabstandes (h) fur einen vorbe- 
stimmten Wert d s seitlichen Abstandes (r Q ) und 55 
des Winkels (9 0 ) darstellt, und 
daB bei Nutzung von zwei Fotodetektoren der 
Me&abstand (h,) des ersten Fotodetektors derart 



ist, dafi er urn einen vorgewahlten Wert (Ah.,) klei- 
ner ist als d r MeBabstand (h 10 ),bei dem der Aus- 
gang des ersten Fotosensors gleich dem Spit- 
zenwert der Ausgangskurve ist, die den Ausgang 
(l^ als eine Funktion des MeBabstandes (h) bei 
einem vorbestimmten Wert des jeweiligen seitli- 
chen Abstandes fa) und des jeweiligen Winkels 
(60 darstellt, und dad der Me&abstand (h 2 ) des 
zweiten Fotodetektors derart ist, da& der Abstand 
urn einen vorgewShlten Wert (Ah 2 ) grdfier als ein 
Wert (h 2 o) ist, der der Wert des Abstandes (h) ist, 
bei dem der Ausgang (IJ des Fotosensors des 
zweiten Fotodetektors gleich dem Spitzenwert 
der Ausgangskurve ist, die den Ausgang (y als 
eine Funktion des Meliabstandes (h) bei einem 
vorbestimmten Wert des jeweiligen seitlichen 
Abstandes (rj und des jeweiligen Winkels (9J 
darstellt. 

2. Reflektometer nach Anspruch 1, dadurch ge- 
kennzelchnet, da(i jeder Fotodetektor nuraus ei- 
nem Fotosensor besteht und das Lichteingangs- 
seitenelement der Fotosensor selbst ist. 

3. Reflektometer nach Anspruch 1, dadurch ge- 
kennzelchnet, daR jeder Fotodetektor einen Fo- 
tosensor und eine Linse, die vor dem Fotosensor 
angeordnet ist, aufweist, und das Lichteingangs- 
seitenelement die Linse ist. 

4. Reflektometer nach Anspruch 1, dadurch ge- 
kennzelchnet, daS jeder Fotodetektor einen Fo- 
tosensor und eine Blende, die vor dem Fotosen- 
sor angeordnet ist, aufweist, und das Lichtein- 
gangsseitenelement die Blende ist. 



Revendlcations 

1. Systeme de mesure de densite de reflexion 
comprenant : 

un moyen incluant une source de lumiere 
(14) pour projeter une lumiere d'irradiation sur la 
surface qui doit %tre mesuree (10a) d'un 6chan- 
tillon (10) ; 

un ou deux photodetecteurs (30 ; 30a, 
30b) qui comportent respectivement un photo- 
capteur (20 ; 301 a, 301 b) pour detecter la lumiere 
ref lechie par la surface qui doit §tre mesuree de 
I'echantillon af in qu'elle arrive en incidence sur ie 
photocapteur au travers d'un element de cot6 
d'entree de lumiere (24, 26) du photod6tecteur, 

caracterise en ce que : 

la lumiere §mise par ladite source de lu- 
miere (14) est guide au travers d'une lentill de 
condenseur (18) permettant de condenser la lu- 
miere d'irradiation et elle arrive n incidence sur 
la surface qui doit Stre mesuree (10a) d'un 
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echantillon (10) essentiellement selon une direc- 
tion perpendiculaire a celle-ci ; 

T6l6ment de cote d'entree de lumiere du 
photodetecteur est agence dans un plan qui for- 
me un angle (8 0 ; 6 n , 0 2 ) avec la surface qui doit s 
§tre mesuree de T6chantillon ; 

le centre de Teiement de c6t6 d'entree de 
lumiere de chaque photodetecteur presente une 
distance laterale (r 0 ; r 1t r2) par rapport a Taxe op- 
tique de tadite lentliie de condenseur ; 10 

(a distance de mesure def inie par la dis- 
tance (h) du centre dudit element de c6t6 d'en- 
tree de lumiere de chaque photodetecteur par 
rapport au plan, dans lequel ladite surface (10a) 
dudit echantiflon (10) est agencee, est inferieure is 
a la distance de ladite lentilie de condenseur par 
rapport a ladite surface (10a) dudit echantillon ; 

lorsqu'un seul photodetecteur est utilise, 
la distance de mesure (h 0 ) dudit centre de T6I6- 
ment de c6te d'entree de lumiere du photodetec- 20 
teur par rapport a la surface qui doit §tre mesuree 
est telle que fa sortie (I) dudit photocapteur est 
6gale a la valeur de pic sur la courbe de sortie re- 
presentant la sortie du photocapteur en fonction 
de la distance de mesure (h), pour une valeur pr6- 25 
determines de la distance laterals (r 0 ) et dudit an- 
gle (9 0 ) ; et 

lorsque deux photodetecteurs sont utili- 
ses, fa distance de mesure (h-,) du premier pho- 
todetecteur est telle qu'elle est inferieure d'une 30 
valeur pr6s6lectionn6e (Arn) a fa distance de me- 
sure (h 10 ) pour laquelle la sortie dudit premier 
photocapteur est 6gale a la valeur de pic de la 
courbe de sortie representant la sortie en 
fonction de la distance de mesure (h) pour une 35 
valeur predeterminee de la distance laterale res- 
pective (ri) et de Tangle respectif (fy) et en ce que 
la distance de mesure (hj) du second photodetec- 
teur est telle que ladite distance est supeYieure 
d'une valeur preselectionn£e (AhJ £ une valeur 40 
(h 20 ) qui est la valeur de la distance (h) pour la- 
quelle la sortie (l 2 ) du photocapteur du second 
photodetecteur est 6gale a la valeur de pic de (a 
courbe de sortie representant la sortie (I2) en 
fonction de la distance de mesure (h) pour une 45 
valeur predeterminee de la distance laterale res- 
pective (r2) et de Tangle respectif (82). 

2. Systeme de mesure de densit6 de reflexion seton 

ia revendication 1, dans iequel chacun desdits so 
photodetecteurs est constitue seulement par un 
photocapteur et.ledit element de cot6 d'entree de 
lumiere est le photocapteur lul-meme. 

3. Systeme de mesure de density de reflexion selon 55 
la revendication 1, dans lequel chacun desdits 
photodetecteurs comprend un photocapteur et 

une lentilie disposes a Tavant du photocapteur et 



ledit element de c6te d'entree de lumiere est la 
lentilie. 

4. Systeme de mesure de densite de reflexion selon 
la revendication 1, dans lequel chaque dit photo- 
detecteur comprend un photocapteur et un arr6t 
optique dispose" a Tavant du photocapteur et ledit 
element lateral d'entree de lumiere est I'arret op- 
tique. 
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